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(54) AC-DC CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit breakdown of the 
switching element of a conversion circuit by an unequal 
voltage being generated by the unbalanced output 
current of an AC-DC converter. 
SOLUTION: When first to sixth IGBTs (4A-9A; 4B-9B) in 
the first or second conversion circuit (3A, 3B) of this 
AC-DC converter are switched from ON to OFF, a 
current equivalent to the difference energy accumulated 
in positive- side DC reactors (1 7A, 1 7B) and negative 
side DC reactors (34A, 34B) flows to a DC circuit 
consisting of DC reactors (17A or 34A, 17B or 34B), a 
voltage divider capacitors (35 or 36), and voltage 
balancing diodes (37A, 38A), thus charging the voltage 
divider capacitors (35 or 36), thus charging the voltage 
dividing capacitors (35, 36) to a nearly equal voltage 
level, allowing an equal current to flow to the DC 
reactors (17A, 34A, 17B, 34B), applying an equal-level 
voltage to IGBTs (4A-9A; 4B-9B) that are off, and 
hence preventing the breakdown of the IGBTs (4A-9A; 
4B-9B) in each of the conversion circuits (3A, 3B). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Clarm(s)] 

[Claim 1]Two or more conversion circuits connected in parallel between an ac input terminal and 
a dc output terminal which are provided with the following and characterized by forming a direct- 
current circuit of said direct current reactor, a capacitor for partial pressures, and a rectifier for 
a voltage balance for every output terminal of said conversion circuit, Have a smoothing 
capacitor connected between said dc output terminals, and alternating current power supplied 
from said ac input terminal by carrying out the on-off action of the switching element provided in 
said conversion circuit is changed into direct current power by said conversion circuit, An AC- 
DC converter which takes out a dc output from said dc output terminal. 
A rectifier for flowing back connected between output terminals of said conversion circuit. 
A direct current reactor connected between each output terminal of said conversion circuit, and 
said dc output terminal. 

At least two capacitors for partial pressures connected between said dc output terminals. 

A rectifier for a voltage balance connected between a node of said rectifier for flowing back, and 

said direct current reactor, and a node of said capacitor for partial pressures. 

[Claim 2]The AC-DC converter according to claim 1 which shifts each switching phase of two or 
more of said conversion circuits, and controls said switching element. 

[Claim 3]Said conversion circuit is provided with the 1st conversion circuit and 2nd conversion 
circuit that were connected in parallel between said ac input terminal and a dc output terminal, 
and said direct current reactor. The AC-DC converter according to claim 1 or 2 provided with a 
right side direct current reactor and a negative side direct current reactor which are connected 
to a positive side output terminal and a negative side output terminal of said 1st conversion 
circuit and the 2nd conversion circuit, respectively. 

[Claim 4]By carrying out on-off control of the switching element of two or more of said 
conversion circuits according to a level of current which flows into said direct current reactor, 
The AC-DC converter according to claim 1 which ac input current which flows into said two or 
more conversion circuits via said filter circuit from said ac input terminal is controlled to sine 
wave shape, and takes out a dc output of a constant voltage from said smoothing capacitor. 
[Claim 5]The AC-DC converter comprising according to claim 3: 

A reactor for right side current balance by which it was connected between said right side direct 

current reactors, and a center tap was connected to a right side dc output terminal. 

A reactor for negative side current balance by which it was connected between said negative 

side direct current reactors, and a center tap was connected to a negative side dc output 

terminal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention belongs to the AC-DC converter which transforms ac input 
current into dc output current, especially the AC-DC converter which prevents destruction of 
the switching element provided in two or more conversion circuits. 
[0002] 

[Description of the Prior Art]The filter circuit (2) which the conventional AC-DC converter has a 
reactor and a capacitor as shown, for example in drawing 3 , and is connected to the ac input 
terminal (1A, IB, 1C) of a three phase alternating current power supply (1), The 1st and 2nd 
conversion circuits (3A, SB) connected to the output terminal of a filter circuit (2), The 1 st as a 
rectifier for flowing back connected between each output terminal of the 1 st and 2nd conversion 
circuits (3A, 36), and the 2nd diode for flowing back (16A, 16B), It has the smoothing capacitor 
(18) connected to the diode for flowing back (16A, 16B) via a direct current reactor (17A, 17B). 
The 1 st which constitutes three pairs of switching elements to which bridge connection (bridge 
connection) of the 1 st conversion circuit (3A) was carried out - the 6th IGBT (insulated gate 
type bipolar transistor) (4A-9A), every — the [ the 1 st which constitutes the rectifier for 
prevention of backflow connected with IGBT (4A-9A) in series - ] — it has a diode for 
prevention of backflow of six (10A-15A). The 1st which similarly constitutes three pairs of 
switching elements to which bridge connection (bridge connection) of the 2nd conversion circuit 
(3B) was carried out - the 6th IGBT (insulated gate type bipolar transistor) (4B-9B), the [ the 
1st which constitutes the rectifier for prevention of backflow connected with each 1st / the / - 
/ and the 6th IGBT (4B~9B) in series - ] — it has a diode for prevention of backflow of six 
(10B-15B). The current detection machine (19) connected between the direct current reactor 
(1 7A, 1 7B) and the output terminal (40A), Peace current 1^ of current 1^^ which flows into a right 

side direct current reactor (1 7A), and current which flows into a right side direct current 

reactor (17B) is detected as voltage corresponding to the current. In the negative side line 

between smoothing capacitors (18), the respectively same negative side direct current reactor 
(34A, 34B) as a right side direct current reactor (17A, 17B) is connected with the 1st and 2nd 
diodes for flowing back (16A, 16B). 

[0003]The transformer for phase voltage detection (20) connected to an ac input terminal (1 A, 
IB, 1C) detects ac-input-voltage Vy of U phase from a three phase alternating current power 

supply (1), V phase, and W phase, V^, and V^^. A control circuit (21), The transformer for phase 

voltage detection. The 1st provided in the 1st conversion circuit (3A) according to detection 
voltage Vy of (20), V^, Vy^, detection voltage of a current detection machine (19), and voltage 

Vj3Q of a smoothing capacitor (18) - the 6th IGBT. each of the gate terminal of (4A-9A) — the 
[ the 1st - ] — giving on-ofl^control signal V^^ of six, V^g^^^S' ^A4'^A5' ^A6' on-ofF 
control of the 1st - the 6th IGBT (4-9) being carried out, and. each of the gate terminal of the 
1st provided in the 2nd conversion circuit (3B) - the 6th IGBT (4B-9B) — the [ the 1st - ] — 
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on-off^control signal Vg^ of six, Vg2;Vg3. Vg^iVg^, and Vgg. [ give and ] On-off control of the 
1 St - the 6th IGBT (4B-9B) is carried out. 

[0004]As shown in drawing 4 , a control circuit (21) A reference supply (22) and the 1st error 
amplifier (23), It has a phase current reference signal generating circuit (25), a chopping-sea 
oscillating circuit (26) and an PWM comparator (27, 28, 29), and a control signal output circuit 
(31) and a delay circuit (33). [ the 2nd error amplifier (24), ] [ a line current pulse conversion 
circuit (30), and ] A reference supply (22) generates reference voltage Vpp which specifies the 

reference value of dc output voltage Vj^^ outputted from the both ends of a smoothing capacitor 

(18). The 1st error amplifier (23) outputs those error voltage signal V^^, comparing voltage V^^ 

of a smoothing capacitor (18) with reference voltage V^^ of a reference supply (22). The 2nd 

error amplifier (24) outputs those error voltage signal V^2' comparing detection voltage of a 

current detection machine (19) with output signal V^^ of the 1st error amplifier (23). Based on 

detection voltage V^j of the transformer for phase voltage detection (20), V^, V^, and output 

signal of the 2nd error amplifier (24), a phase current reference signal generating circuit (25) 

U phase, Current reference signal Vpyy of V phase and W phase, Vp^^, and Vp^^y are 

generated. A chopping-sea oscillating circuit (26) generates chopping wave signal Wj of 

frequency (1-100 kHz) higher enough than the frequency (50-60 Hz) of a three phase alternating 
current power supply (1). An PWM comparator (27, 28, 29), U phase of a phase current reference 
signal generating circuit (25), PWM modulation signal Vpy^ of the current of each phase, Vp^^^, 

and Vpyyy are outputted comparing current reference signal Vpy^ of V phase and W phase, 
^RVW' ^RWU ^'^'^ chopping wave signal Vj of a chopping-sea oscillating circuit (26). A line 
current pulse conversion circuit (30) PWM modulation signal Vp^y of each PWM comparator (27, 
28, 29), Vpy^, and Vpy^y "1", It changes into line current pulse signal V^y ^^Vpy^-Vp^^y) of the 
ternary of "0" or "-1", Vg^ ^-Vpvw'^PUV^' ^SW ^"^PWU^^PVW^' ^ control signal output 
circuit (31), The value of each line current pulse signal Vg^, V^y, and Vg^^ is distinguished, 
respectively, the [ the 1st given to each gate terminal of the 1st - the 6th IGBT (4A-9A) of a 
conversion circuit (3) - ] — on-off-control signal V^^ of six, "^^2^ A3' ^A4'^A5' ^A6 
outputted. A delay circuit (33), the [ the 1st outputted from a control signal output circuit (31) - 
] — the [ the 1st in which the phase was behind / on-off^control signal V^^ of six - V^g / only 

pi/2 [rad] - ] — on-off-control signal V^^ of six - Vgg via a delay circuit (33). It gives each gate 

terminal of the 1st - the 6th IGBT (4B-9B) of the 2nd conversion circuit (3B). 

[0005]A control signal output circuit (31), When it is "1" any of each line current pulse signal 

Vgy, Vgy, and V^^y they are. The 1st which is boiled and is given to the gate terminal of the 1st, 

3rd, or 5th IGBT (4A, 6A, 8A) by the side of right [ of the arm of the 1 st conversion circuit (3A) 
corresponding to it ], the 3rd or 5th on-off-control signal V^^, V^3, and V^^ are used as a high 

(H) level. The 1st, 3rd, or 5th IGBT (4A, 6A, 8A) is made into an ON state. When it is ''-1" any of 
each line current pulse signal V^y, Vg^, and Vg^^ they are, The 2nd given to the gate terminal of 

the 2nd, 4th, or 6th IGBT (5A, 7A, 9A) of the negative side of the arm corresponding to it, the 
4th or 6th on-off^control signal V^g' ^^4' V^g are used as a high (H) level. The 2nd, 4th, or 
6th IGBT (5A, 7A, 9A) is made into an ON state. When it is "0" any of each line current pulse 
signal Vgy, Vg^, and Vgyy they are, The right side of the arm corresponding to it, and the 1 st and 

2nd IGBT(s) of a negative side (4A, 5A), The 3rd. And the 4th IGBT (6A, 7A). Or any 1 set of the 
1st given to the gate terminal of the 5th and 6th IGBT(s) (8A, 9A) and the 2nd. the 3rd and the 
4th or the 5th and 6th on-ofl^control signal V^,, V^;V^3, "^^^^^5. and the V^g. Low (L) A level 

is used and the 1st and 2nd IGBT (4A. 5A), 3rd and 4th IGBT(s) (6A, 7A), or 5th and 6th IGBT(s) 
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(8A, 9A) are made into an OFF state. The 2nd conversion circuit (3B) operates similarly. 
[0006]The 2nd conversion circuit (3B) that has the sanne connposition as the 1 st conversion 
circuit (3A), the 2nd diode for flowing back (16B), and a direct current reactor (170, 348), It is 
connected between a filter circuit (2) and a smoothing capacitor (18) in parallel with the 1st 
conversion circuit (3A), the diode for flowing back (16A), and a direct current reactor (17A, 34A). 
A control circuit (21) delays the switching phase of the 2nd conversion circuit (38) only pi/2 
[rad] to the 1 st conversion circuit (3A), According to the level of peace current 1^ of current I^^^ 
which flows into a right side direct current reactor (17A), and current which flows into a right 

side direct current reactor (170), on-off control of the 1st conversion circuit (3A) and 2nd 
conversion circuit (38) is carried out. 

[0007]The operation of the conventional AC-DC converter shown in drawing 3 is as follows. For 
example, when ac input current ly of U phase of the three phase alternating current power 

supply (1) shown in drawing 5 (A) is during a positive half cycle, Detection voltage of a 

current detection machine (19). And the transformer for phase voltage detection. According to 
detection voltage of (20). V^, Vy^, and voltage Vp^ of a smoothing capacitor (18), 1st on-off- 

control signal V^^ by which PWM modulation was carried out The control signal output circuit in 

a control circuit (21). It is inputted into the gate terminal of the 1st IG8T (4A) in the (31) to 1st 
conversion circuit (3A), and the on-off action of the 1st IGBT (4A) of the 1st conversion circuit 
(3A) is carried out. this, simultaneously 2nd on-off-control signal inputted into the gate 

terminal of the 2nd IGBT (5A) of the 1st conversion circuit (3A) — a low — it will become fixed 
and the 2nd IGBT (5A) of the 1st conversion circuit (3A) will be in an OFF state. 
[0008]When ac input current ly of U phase of a three phase alternating current power supply (1) 
is during a negative half cycle, Detection voltage of a current detection machine (19). And the 
transformer for phase voltage detection. According to detection voltage of (20), V^, V^^, and 
voltage V[3Q of a smoothing capacitor (18), 2nd on-off-control signal which PWM 

modulation was carried out The control signal output circuit in a control circuit (21). It is 
inputted into the gate terminal of the 2nd IGBT (5A) of the (31) to 1st conversion circuit (3A), 
and the on-off action of the 2nd IGBT (5A) of the 1st conversion circuit (3A) is carried out. this, 
simultaneously 1st on-off-control signal V^^ inputted into the gate terminal of the 1st IGBT (4A) 
of the 1st conversion circuit (3A) — a low — it will become fixed and the 1st IGBT (4A) of the 
1st conversion circuit (3A) will be in an OFF state. Thereby, current 1^^ inputted into U phase 

arm of the 1 st conversion circuit (3A) serves as a pulse current waveform of positive/negative, 
as shown in drawing 5 (B). 

[0009]The harmonic content of the low next is removed by the filter circuit (2), and pulse form 
current I^q of the positive/negative inputted into U phase arm of the 1st and 2nd conversion 

circuits (3A, 3B) serves as sinusoidal current of only a fundamental wave component. Operation 
of the approximately said appearance is performed also on V phase arm and W phase arm as the 
above. However, when the 1st IGBT (4A, 48) of U phase arm is an ON state, any one of the 4th 
IGBT (7A, 78) of V phase arm or the 6th IGBT (9A, 98) of W phase arm will be in an ON state, 
When the 2nd IGBT (5A, 58) of U phase arm is an ON state, any one of the 3rd IGBT (6A, 68) of 
V phase arm or the 5th IGBT (8A, 88) of W phase arm will be in an ON state. 
[0010]When ac input current I^q of U phase of the three phase alternating current power supply 
(1) shown in drawing 5 (A) is during a positive half cycle, on the other hand, to the gate terminal 
of the 1st IGBT (48) in the 2nd conversion circuit (38). 1st on-off-control signal Vg^ in which 

the phase was from the control signal output circuit (31) in a control circuit (21) only pi/2 [rad] 
via the delay circuit (33) is inputted. To the 1st IGBT (4A) of the 1st conversion circuit (3A), 
only pi/2 [rad], a switching phase is overdue and the on-off action of the 1st IGBT (4B) of the 
2nd conversion circuit (38) is carried out. 

[0011]Therefore, when the 1st IGBT (4A, 48) of U phase arm of the 1st and 2nd conversion 



http://www4.ipdLinpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw^u=http%3A%2F%2Fwww4J... 2009/02/06 



JP,2001~314086.A [DETAILED DESCRIPTION] 



4/1 1 ^— V 



circuits (3A, 3B) and the 4th IGBT (7A, 7B) of V phase arm are ON states, for example, U phase 
output of a three phase alternating current power supply (1), a filter circuit (2), the 1st diode for 
prevention of backflow (10A, 108), The 1st IGBT (4A, 4B), a direct current reactor (17A, 17B), A 
smoothing capacitor (18) and load (32), the 4th IGBT (7A, 7B). Current flows in the 4th diode for 
prevention of backflow (13A, 13B), a filter circuit (2), and the course of V phase output of a 
three phase alternating current power supply (1), energy is accumulated in a right side direct 
current reactor (17A, 17BX and a smoothing capacitor (18) is charged Then, if the 1st IGBT (4) 
of U phase arm of the 1 st and 2nd conversion circuits (3A, 3B) is turned off, The stored energy 
of a right side direct current reactor (17A, 17B) and the electric charge of a smoothing capacitor 
(18) are emitted, and current flows in the course of a right side direct current reactor (17A), a 
smoothing capacitor (18) and load (32), and the diode for flowing back (16). When the 2nd IGBT 
(5A, 5B) of U phase arm of the 1 st and 2nd conversion circuits (3A, 3B) and the 3rd IGBT (6A, 
6B) of V phase arm are ON states, V phase output of a three phase alternating current power 
supply (1), a filter circuit (2), the 3rd diode for prevention of backflow (12A, 12B), The 3rd IGBT 
(6A, 6BX a direct current reactor (17A, 17B), A smoothing capacitor (18) and load (32), the 2nd 
IGBT (5A, 5B), Current flows in the 2nd diode for prevention of backflow (1 1 A, 1 1B), a filter 
circuit (2), and the course of U phase output of a three phase alternating current power supply 
(1), energy is accumulated in a direct current reactor (17A, 17B), and a smoothing capacitor (18) 
is charged. Then, if the 2nd IGBT (5A, 5B) of U phase arm of the 1st and 2nd conversion circuits 
(3A, 3B) is turned off. The stored energy of a right side direct current reactor (17A, 17B) and the 
electric charge of a smoothing capacitor (18) are emitted, and current flows in the course of a 
direct current reactor (17A, 17B), a smoothing capacitor (18) and load (32), and the diode for 
flowing back (16). The 1st. And the 3rd of V phase arm of the 2nd conversion circuit (3A, 3B). 
And the 4th IGBT. The 5th of (6A, 6B, 7A, 7B) and W phase arm. And the 6th IGBT. When (8A, 
8B, 9A, 9B) carry out an on-off action. Or also when the 1st and 2nd IGBT(s) (4A, 4B, 5A, 5B) of 
U phase arm of the 1st and 2nd conversion circuits (3A, 3B) and the 5th and 6th IGBT(s) (8A, 
8B, 9A, 9B) of W phase arm carry out an on-off action, operation of the approximately said 
appearance is performed as the above. By the above, direct-current 1^ of the constant level 

shown in drawing 5 (E) flows into a direct current reactor (1 7), and dc output voltage V^q occurs 

to the both ends of a smoothing capacitor (18). 

[0012]Dc output voltage Vp^ outputted by the 1st - the on-off action of the 6th IGBT (4A-9A, 

4B-9B) of the 1st and 2nd conversion circuits (3A, 3B) from the both ends of a smoothing 
capacitor (1 8), It is compared with reference voltage of a reference supply (22) by the 1 st 

error amplifier (23) in a control circuit (21), and error voltage signal V^-j of dc output voltage Vqq 

and reference voltage V^^^ is outputted from the 1 st error amplifier (23). Error voltage signal V^^ 

of the 1st error amplifier (23), Within the 2nd error amplifier (24), it is compared with detection 
voltage of the direct current reactor (17) detected with the current detection machine (19), 

and error voltage signal ^f error voltage signal V^^ and detection voltage V|_ is outputted 

from the 2nd error amplifier (24). Error voltage signal ^^e 2nd error amplifier (24), It is 

inputted into a phase current reference signal generating circuit (25) with detection voltage Vy 

of the transformer for phase voltage detection (20), V^, and V^y, Current reference signal Vpyy 

of U phase shown in drawing 6 (A) from a phase current reference signal generating circuit (25) 
based on detection voltage Vy, V^, Vyy, and error voltage signal V^2' ^ phase, and W phase, 

VpYY^p and Vp^^y are outputted. Current reference signal V^yy of U phase of a phase current 
reference signal generating circuit (25), V phase, and W phase, V^^^, and Vpy^y, It is compared 
with chopping wave signal Vy of a chopping-sea oscillating circuit (26) by each PWM comparator 
(27, 28, 29), respectively. It is set to a low when the relation between current reference signal 
^RUV ^RVW' ^RWU chopping wave signal V^ is V^y^, Vp^, and Vpyyy<V-p. Drawing 6 (B) 
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which serves as a high level at the time of V^^j^, Vp^, and Vpyy^j>V^. PWM modulation signal 
"^PUV shown in (C) and (D), Vp^^^. and Vp^^ are outputted from each PWM comparator (27), 
(28), and (29). PWM modulation signal Vp^^ of each PWM comparator (27), (28), and (29), Vp^^, 
and Vp^y, By a line current pulse conversion circuit (30), respectively Drawing 6 (E), (F), It is 
changed into line current pulse signal Vpuv-Vp^y-V3u;Vpv^-VpyV=VsV'Vpwu-Vpvw=Vsw 
shown in (G). Line current pulse signal Vg^ of a line current pulse conversion circuit (30), Vg^, 
and Vg^, Those values, i.e., "1", "0", or "-1'' are distinguished in a control signal output circuit 

(31), respectively, each gate terminal of the 1st - the 6th IGBT (4-9) of a control signal output 
circuit (31) to a conversion circuit (3) — the [ the 1st - ] — on-off-control signal Vq^ of six. 

^G2'^G3' ^G4'^G5' ^G6 s'ven, respectively. 

[0013]Current 1^ which flows into a direct current reactor (1 7) by the above, and U phase of a 
three phase alternating current power supply (1), According to acHnput-voltage Vy of V phase 
and W phase, V^. V^, and do output voltage Vp^ of the both ends of a smoothing capacitor (18), 
on-off control of the 1st - the 6th IGBT (4-9) in a conversion circuit (3) is carried out by the 
control circuit (21), From a three phase alternating current power supply (1), via a filter circuit 
(2) U phase of a conversion circuit (3), Ac input current I^q which flows into V phase and W 

phase arm, I^q, and I^q are controlled by sine wave shape, and dc output voltage V^^ outputted 
from the both ends of a smoothing capacitor (18) is held at a constant level. 
[0014]this, simultaneously 2nd on-off-control signal V^^ inputted into the gate terminal of the 
2nd IGBT (5B) of the 2nd conversion circuit (3B) — a low — it will become fixed and the 2nd 
IGBT (5B) of the 2nd conversion circuit (3B) will be in an OFF state. When ac input current ly of 

U phase of a three phase alternating current power supply (1) is during a negative half cycle, to 
the gate terminal of the 2nd IGBT (5B) of the 2nd conversion circuit (3B). 2nd on-ofF-control 
signal in which the phase was from the control signal output circuit (31) in a control circuit 
(21) only pi/2 [rad] via the delay circuit (33) is inputted. To the 2nd IGBT (5A) of the 1st 
conversion circuit (3A), only pi/2 [rad], a switching phase is overdue and the on-off action of the 
2nd IGBT (5B) of the 2nd conversion circuit (3B) is carried out. this, simultaneously 1st on-off- 
control signal Vg^ inputted into the gate terminal of the 1st IGBT (4B) of the 2nd conversion 

circuit (3B) — a low — it will become fixed and the 1st IGBT (4B) in the 2nd conversion circuit 
(3B) will be in an OFF state. Current 1^2 inputted into U phase arm of the 2nd conversion circuit 
(3B) by this as shown in drawing 5 (C). It becomes a pulse current waveform of the 
positive/negative in which the phase was only pi/2 [rad] to current ly^ inputted into U phase 

arm of the 1 st conversion circuit (3A) shown in drawing 5 (B). 

[0015]Therefore, pulse form current ly^ of the positive/negative inputted into U phase arm of 

the 1st conversion circuit (3A), Since peace Iui+Iy2 with pulse form current Iy2 of the 

positive/ negative inputted into U phase arm of the 2nd conversion circuit (3B) serves as current 
lyQ of the output side of a filter circuit (2), As shown in drawing 5 (D). it becomes the current 

wave form of a convex form with which the low following harmonics were controlled, and peak 
value lyQp of pulse form current will become 1/2 as compared with the case where the number 

of conversion circuits (number of stages) is one, and switching frequency will be twice. Harmonic 
content is removed by the filter circuit (2) and current ly of the input side of the filter circuit (2) 

shown in drawing 5 (A) serves as sinusoidal current of only a fundamental wave component. 
Operation of the approximately said appearance is performed as the above also with the 1 st and 
2nd V phase arms and W phase arms of a conversion circuit (3A, 3B). However, any conversion 
circuit (3A, 3B), when the 1st IGBT (4A, 4B) of U phase arm is an ON state, any one of the 4th 
IGBT (7A, 7B) of V phase arm or the 6th IGBT (9) of W phase arm will be in an ON state, When 
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the 2nd IGBT (5A, 5B) of U phase arm is an ON state, any one of the 3rd IGBT (6A, 68) of V 
phase arm or the 5th IGBT (8A, 8B) of W phase arm will be in an ON state. 

[0016]In the AC~DC converter shown in drawing 3 , from a three phase alternating current power 
supply (1), via a filter circuit (2) U phase of a conversion circuit (3), Since ac input current lyQ 

which flows into V phase and W phase arm, I^q, and I^^q are controlled by sine wave shape and 

dc output voltage outputted from the both ends of a smoothing capacitor (1 8) is held at a 

constant level, an input power factor — abbreviated — while being able to go up to 1.0 — high - 

- stable dc output voltage V^^ is obtained. By delaying the switching phase of the 2nd 

conversion circuit (3B) connected in parallel to the 1st conversion circuit (3A) only pi/2 [rad], 
Since the low following harmonics of current I^q of U phase in the output side of a filter circuit 
(2), V phase, and W phase, I^q, and ly^Q are controlled, Peak value lyQp of pulse form current, 
VoP' Vop become 1/2 as compared with the case where the number of conversion 
circuits (number of stages) is one, and switching frequency will be twice. For this reason, since it 
becomes about 1-/2 double = about 1 / 4 times as compared with the case where the number 
of conversion circuits (number of stages) is one and the outside of these parts becomes small, 
the value of the inductance of a reactor and the electric capacity of a capacitor which 
constitutes a filter circuit (2) can miniaturize a filter circuit (2). since the maximum of current 
which similarly flows into the 1st which constitutes the 1st and 2nd conversion circuits (3A, 3B) 

- the 6th IGBT (4A-9A;4B-9B) also becomes 1/2 — every ~ IGBT (4A-9A;4B-9B) is made 
small, and the 1st and 2nd conversion circuits (3A, 3B) can be miniaturized. Therefore, it 
becomes possible to make small a filter circuit (2) and the 1st and 2nd conversion circuits (3A, 
3B), and to miniaturize an AC-DC converter. Since the conversion circuit (3), the diode for 
flowing back (16), and the direct current reactor (17) were connected to two-step parallel, there 
is an advantage which can obtain a mass AC-DC converter easily. 

[0017] 

[Problem(s) to be Solved by the Invention] However, in the conventional AC-DC converter shown 
in drawing 3 . a difference may arise on the level of current with which the output current of one 
conversion circuit (3A or 3B) flows into the output side of the conversion circuit (3B or 3A) of 
another side in a surroundings lump, a positive side output line, and a negative side output line. 
For example, the current of 4.5A flows into a negative side output line to the current of 5.5A 
(ampere) flowing into the positive side output line of the 1 st conversion circuit (3A), The current 
of 5.5A may flow into a negative side output line to the current of 4.5A flowing into the positive 
side output line of the 2nd conversion circuit (3B). Since the direct current reactor (1 7A, 
34A;17B, 34B) is especially connected to the right side of each conversion circuit (3A, 3BX and 
the output line of a negative side, When the 1st provided in each conversion circuit (3A, 3B) - 
the 6th IGBT (4A-9A;4B-9B) change from one to OFF, It might be impressed by IGBT which the 
voltage produced in a direct current reactor (17A, 34A;17B, 34B) turned off unequally, and IGBT 
in each conversion circuit (3A, 3B) might be destroyed. 

[0018]An object of this invention is to provide the AC-DC converter which can control 
destruction of the switching element of the conversion circuit by the unequal voltage generated 
according to the output current of disequilibrium. 
[0019] 

[Means for Solving the Problem]Two or more conversion circuits (3A, 3B) which were connected 
in parallel between an ac input terminal (1A, IB. 10) and a dc output terminal (40A, 40B) as for 
an AC~DC converter by this invention, It has a smoothing capacitor (1 8) connected between dc 
output terminals (40A, 40B), Alternating current power supplied from an ac input terminal (1 A, 
IB, 10) by carrying out the on-off action of the switching element (4A-9A;4B-9B) provided in a 
conversion circuit (3A, 3B) is changed into direct current power by a conversion circuit (3A, 3B), 
A dc output can be taken out from a dc output terminal (40A, 40B). This AC-DC converter is 
provided with the following. 

A rectifier for flowing back connected between output terminals of a conversion circuit (3A. 3B) 
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(16A, 16B). 

A direct current reactor connected between each output terminal of a conversion circuit (3A. 
3BX and a dc output terminal (40A, 40B) (17A, 178, 34A, 348). 

At least two capacitors for partial pressures connected between dc output terminals (40A, 408) 
(35, 36). 

A rectifier for a voltage balance connected a node of a rectifier for flowing back (16A, 168), and 
a direct current reactor (17A, 178, 34A, 348), a node of a capacitor for partial pressures (35, 36), 
and in between (37A, 38A, 378, 388). 

A direct-current circuit of a direct current reactor (1 7A, 1 78, 34A, 348), a capacitor for partial 
pressures (35, 36), and a rectifier for a voltage balance (37A, 38A, 378, 388) is formed for every 
output terminal of a conversion circuit (3A, 38). If a switching element (4A-9A;48-98) in which 
conversion circuit (3A, 38) is changed from one to OFF, Current equivalent to difference of 
energy accumulated into a direct current reactor (17A, 178 and 34A, or 348) A direct current 
reactor (17A, 34A and 178, or 348), It flows into a direct-current circuit constituted by 
capacitor for partial pressures (35 or 36). and a rectifier for a voltage balance (37A, 38A, 378, 
388), and a capacitor for partial pressures (35 or 36) is charged, as a result, a capacitor for 
partial pressures (35, 36) — abbreviated, since an equivalent voltage level charges and 
equivalent current flows into a direct current reactor (17A, 34A, 178, 348), It is impressed by a 
switching element (4A-9A;48-98) which voltage of an equivalent level turns off, and destruction 
of a switching element (4A-9A;48-98) in each conversion circuit (3A, 38) can be prevented. 
[0020]Each switching phase of two or more conversion circuits (3A, 38) is shifted, and a 
switching element (4A-9A;48-98) is controlled by an embodiment of the invention. A conversion 
circuit (3) is provided with the 1st conversion circuit (3A) and 2nd conversion circuit (38) that 
were connected in parallel between an ac input terminal (1A, 18, 1C) and a dc output terminal 
(40A, 408). A direct current reactor (17A, 178, 34A, 348) is provided with a right side direct 
current reactor (17A, 178) and a negative side direct current reactor (34A, 348) which are 
connected to a positive side output terminal and a negative side output terminal of the 1 st 
conversion circuit (3A) and the 2nd conversion circuit (38), respectively. For this reason, a mass 
AC--DC converter can be obtained easily. 

[0021 ]8y carrying out on-off control of the switching element (4A-9A;48-98) of two or more 
conversion circuits (3A, 38) according to a level of current (1^) which flows into a direct current 

reactor (1 7A, 1 78. 34A, 348), Control ac input current (lyQ, ly^, I^^q) which flows into two or more 

conversion circuits (3A, 38) via a filter circuit (2) from an ac input terminal (1A, 18, 1C) to sine 
wave shape, and. A dc output (V^^) of a constant voltage is taken out from a smoothing 

capacitor (18). The low following harmonics included in ac input current (I^q, I^q, I^^q) of an 

output side of a filter circuit (2) will be controlled by this, and peak value of pulse form current 
will be abbreviated 1/2 twice as compared with a case where the number of conversion circuits 
(number of stages) is one. Therefore, since a reactor and a capacitor which constitute a filter 
circuit (2) can be made small, it becomes possible to make a filter circuit (2) small and to 
miniaturize an AC-DC converter. 

[0022]A reactor for right side current balance (41) by which it was connected between right side 
direct current reactors (1 7A, 1 78), and a center tap was connected to a right side dc output 
terminal (40A) in other embodiments of this invention, It has a reactor for negative side current 
balance (42) by which it was connected between negative side direct current reactors (34A, 
348), and a center tap was connected to a negative side dc output terminal (408). When current 
based on a level difference of current which flows into each positive side output line of the 1st 
and 2nd conversion circuits (3A, 38) flows into a reactor for right side current balance (41), 
equivalent current which balance was able to take flows into a positive side output line of each 
conversion circuit (3A, 38). When similarly current based on a level difference of current which 
flows into each negative side output line of the 1st and 2nd conversion circuits (3A, 38) flows 
into a reactor for negative side current balance (42). equivalent current which balance was able 
to take flows into a negative side output line of each conversion circuit (3A, 38). Therefore. 
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since voltage which balance was able to take is impressed to a turned-off switching element 
(4A-9A;4B-9B) in the 1st and 2nd conversion circuits (3A, 3B), destruction of a switching 
element (4A-9A;4B-9B) in each conversion circuit (3A, 3B) can be prevented. 
[0023] 

[Embodiment of the Invention] Hereafter, the embodiment of the AC-DC converter by this 
invention is described about drawing 1 and drawing 2 . However, at drawing 1 , give the same 
numerals to the same part as drawing 4 , and the explanation is omitted, and by drawing 2 in 
which other embodiments of the AC-DC converter by this invention are shown, the same 
numerals are given to the same part as drawing 1 , and the explanation is omitted. As shown in 
drawing 1 , the AC-DC converter of this embodiment, The capacitor for partial pressures (35, 36) 
is connected in parallel with a smoothing capacitor (18) between dc output terminals (40A, 40B), 
The feature is at the point of having connected the diode for a voltage balance as a rectifier for 
a voltage balance (37A, 38A, 37B, 38B) between the node of the diode for flowing back (16A, 
16B), and a direct current reactor (17A, 17B, 34A, 34B), and the node of the capacitor for partial 
pressures (35, 36). Thereby, the direct-current circuit of a direct current reactor (17A, 17B, 34A, 
34B), the capacitor for partial pressures (35, 36), and the diode for a voltage balance (37A, 38A, 
37B, 38B) is formed for every output terminal of the 1st and 2nd conversion circuits (3A, 3B). 
Other composition is the same as that of the conventional AC-DC converter shown in drawing 3 . 

[0024]Suppose that 5.5A flows into the positive side output line of the 1st conversion circuit 
(3A), the output current of 4.5A flows into a negative side output line, 4.5A flows into the 
positive side output line of the 2nd conversion circuit (3B), and the output current of 5.5A flows 
into a negative side output line in the above-mentioned composition. If the 1st - the 6th IGBT 
(4A-9A;4B-9B) in each conversion circuit (3A, 3B) turn off in this state, In order that the current 
of 4.5A may flow into the negative side direct current reactor (34A) by the side of the 1st 
conversion circuit (3A) and the current of 5.5A may flow into a right side direct current reactor 
(17A), The current of the difference flows in the course of the diode for the right side direct- 
current-reactor (17A) and capacitor (35) voltage balance for partial pressures (37A), and the 
capacitor for partial pressures (35) is charged. In order that similarly the current of 4.5A may 
flow into the right side direct current reactor (17B) by the side of the 2nd conversion circuit 
(3B) and the current of 5.5A may flow into a negative side direct current reactor (34B), The 
current of the difference flows in the course of a negative side direct current reactor (348), the 
diode for a current balance (38B), and the capacitor for partial pressures (36), and the capacitor 
for partial pressures (36) is charged, as a result, the capacitor for partial pressures (35, 36) — 
abbreviated — since an equivalent voltage level charges, the current of an equivalent level flows 
into a right side direct current reactor (17A, 17B) and a negative side direct current reactor 
(34A, 34B). Since the voltage of an equivalent level is impressed to the 1st turned off - the 6th 
IGBT (4A-9A;4B-9B) in the 1st and 2nd conversion circuits (3A, 3B) by this. The 1st - the 
destruction of the 6th IGBT (4A-9A;4B-9B) in each conversion circuit (3A, 3B) by the unequal 
voltage generated according to the output current of disequilibrium can be prevented. Since 
fundamental operation of the AC-DC converter of this embodiment is completely the same as 
operation of the conventional AC-DC converter shown in drawing 3 , explanation is omitted. 
[0025]As mentioned above, if the 1st or the 1st in the 2nd conversion circuit (3A, 3B) - the 6th 
IGBT (4A-9A;4B-9B) are changed from one to OFF in this embodiment. The current equivalent 
to the difference of the energy accumulated into the direct current reactor (17A, 17B and 34A, 
or 34B) A direct current reactor (17A, 34A and 17B, or 34B), It flows into the direct-current 
circuit constituted by the capacitor for partial pressures (35 or 36), and the diode for a voltage 
balance (37A, 38A, 37B, 38B), and the capacitor for partial pressures (35 or 36) is charged, 
thereby — the capacitor for partial pressures (35, 36) — abbreviated, since an equivalent 
voltage level charges and equivalent current flows into a direct current reactor (17A, 34A, 17B, 
34B), The voltage of an equivalent level is impressed to the 1st or the 1st in the 2nd conversion 
circuit (3A, 3B) - the 6th IGBT (4A-9A;4B-9B), and destruction of the 1st - the 6th IGBT (4A- 
9A;4B-9B) can be prevented. 

[0026]Between right side direct current reactors (17A, 17B), drawing 2 connects the reactor for 
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right side current balance (41), and connects the center tap of the reactor for right side current 
balance (41), and a right side dc output terminal (40A), and. Another embodiment of the AC-DC 
converter by this invention which connected the reactor for negative side current balance (42), 
and connected the center tap and negative side dc output terminal (40B) of the reactor for 
negative side current balance (42) between negative side direct current reactors (34A, 34B) is 
shown. Suppose that the current of 5.5A flows into the positive side output line of the 1st 
conversion circuit (SA), the current of 4.5A flows into a negative side output line, the current of 
4.5A flows into the positive side output line of the 2nd conversion circuit (SB), and the current of 
5.5A flows into a negative side output line in the case of operation. At this time, the difference of 
1.0A occurs on the level of current which flows into the positive side output line by the side of 
the 1st conversion circuit (3A), and the positive side output line by the side of the 2nd 
conversion circuit (3B). When the current based on this level difference flows into the reactor 
for right side current balance (41), In order to commit the current of the positive side output line 
by the side of the 1 st conversion circuit (3A) so that it may decrease, and to commit the current 
of the positive side output line by the side of the 2nd conversion circuit (3B) so that it may 
increase, the equivalent current which balance was able to take flows through both positive side 
output lines. Since the same operation arises also with the reactor for negative side current 
balance (42), the equivalent current which balance was able to take flows also into a negative 
side output line. At the time of OFF of the 1st - the 6th IGBT (4A-9A;4B-9B). Like the 
embodiment of drawing L current flows in the course of the diode for the capacitor (35) voltage 
balance for the right side direct-current-reactor (17A) and reactor (41) partial pressures for 
right side current balance (37A), and the capacitor for partial pressures (35) is charged. The 
same operation also produces the 2nd conversion circuit (3B) side, it flows in the course of the 
reactor for the negative side direct-current-reactor (34B), diode for voltage balance (38B), and 
capacitor (36) negative-side current balance for partial pressures (42), and the capacitor for 
partial pressures (36) is charged. As a result, the voltage which balance was able to take is 
impressed to the 1st turned off in the 1st and 2nd conversion circuits (3A, 3B) - the 6th IGBT 
(4A-9A;4B-9B), and the 1st - the destruction of the 6th IGBT (4A-9A;4B-9B) in each 
conversion circuit (3A, 3B) can be prevented. 

[0027]The embodiment of this invention is not limited to the aforementioned embodiment, but 
various change is possible for it. For example, although the gestalt which uses IGBT (insulated 
gate type bipolar transistor) as a switching element which constitutes the 1st and 2nd 
conversion circuits (3) from an above-mentioned embodiment was shown. It is usable in MOS- 
FET (MOS type field effect transistor), a junction type bipolar transistor, or J-FET (junction field 
effect transistor). Although the above-mentioned embodiment showed the gestalt which 
connected the conversion circuit (3), the diode for flowing back (16), and the direct current 
reactor (17) to two-step parallel between the filter circuit (2) and the smoothing capacitor (18), 
it is also possible to connect with two or more step parallel. In this case, an angle [ as opposed 
to / respectively / 1 switching periods of a conversion circuit (3) / phase / of the conversion 
circuit (3) of each stage / switching / the reciprocal twice of the number of stages of a 
conversion circuit (3) ], Namely, if it shifts pi/n [rad] (n: number of stages of a conversion circuit 
(3)) every and on-off control is carried out, U phase in the output side of a filter circuit (2), 
Pulse form current ly^ of V phase and W phase, I^q, peak value ly^p of I^^q, I^^p, and ly^^p will be 

1/n time as compared with the case where the number of conversion circuits (3) is one, and 
switching frequency will be n times. Therefore, since the inductance of a reactor and the 
electrostatic capacity value of a capacitor which constitute a filter circuit (2) are made as 
compared with the case where the number of conversion circuits (3) is one, still smaller than an 
about 1/n^ double next door and said embodiment. There is an advantage which can miniaturize 
a filter circuit (2) further according to the number of stages of a conversion circuit (3). Since the 
conversion circuit (3), the diode for flowing back (16), and the direct current reactor (17) were 
connected to two or more step parallel between the filter circuit (2) and the smoothing capacitor 
(18), the AC-DC converter of still bigger capacity than the above-mentioned embodiment can be 
obtained It can be understood easily that this invention is applicable not only to the case of the 
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AC-DC converter for three phase alternating currents but the AC-DC converter for the 
polyphase currents more than the object for single-phase alternative currents or a three phase. 
[0028]The following operation effect is obtained in an embodiment of the invention. 
[1] the capacitor for partial pressures (35, 36) — abbreviated, since an equivalent voltage level 
charges and equivalent current flows into a direct current reactor (1 7A, 34A, 17B, 34B), It is 
impressed by IGBT (4A-9A;4B-9B) which the voltage of an equivalent level turns off. and 
destruction of IGBT (4A-9A;4B-9B) in each conversion circuit (3A, 3B) can be prevented. 
[2] the level of current (1^) which flows into a right side direct current reactor (1 7A, 1 7B) — in 

addition, According to either [ at least ] the voltage (Vy, V^, V^^) of AC power supply (1), or the 

voltage O^qq) of a smoothing capacitor (18), Since on-off control of the 1st conversion circuit 

(3A) and 2nd conversion circuit (3B) is carried out, Control the ac input current (I^jq, I^q, I^q) 

which flows into the 1st conversion circuit (3A) and 2nd conversion circuit (3B) via a filter circuit 
(2) from AC power supply (1) to a more exact sine wave, and. The dc output (S/qq) of a more 
stable constant voltage can be taken out from a smoothing capacitor (18). 

[3] Two or more conversion circuits (3A, 3B) and two or more right side direct current reactors 
(17A, 17B) are connected between a filter circuit (2) and a smoothing capacitor (18), By carrying 
out on-off control of the 1 st conversion circuit (3A) and 2nd conversion circuit (3B) according to 
the level of current (1^) which flows into a right side direct current reactor (17A, 17B), Control 

the ac input current (lyg, I^q, I^^q) which flows into the 1 st conversion circuit (3A) and 2nd 

conversion circuit (3B) via a filter circuit (2) from a three phase alternating current power supply 
(1) to sine wave shape, and. The dc output (Vp^) of a constant voltage is taken out from a 

smoothing capacitor (18). The low following harmonics included in the ac input current (I^q, I^q, 

"wo^ of ^he output side of a filter circuit (2) are controlled further by this, and the peak value of 

pulse form current becomes small by the number of stages of a conversion circuit as compared 
with the case where the number of conversion circuits is one. For this reason, the reactor and 
capacitor which constitute a filter circuit (2) are made still smaller, and a filter circuit (2) can be 
miniaturized further. Since the 1st conversion circuit (3A), two or more 2nd conversion circuits 
(3B) that have the same composition, and two or more negative side direct current reactors 
(34A, 34B) were connected between the filter circuit (2) and the smoothing capacitor (18). The 
AC-DC converter of big capacity can be obtained easily. 

[4] Shift an angle [ every ] switching phase [ / the reciprocal twice of the number of stages of 
the 1st conversion circuit (3A) and the 2nd conversion circuit (3B) ] to 1 switching periods of 
the 1st conversion circuit (3A), respectively, and carry out on-off control of the 1st conversion 
circuit (3A) and 2nd conversion circuit (3B). The low following harmonics included in the ac input 
current (I^q, I^q, I^^q) of the output side of a filter circuit (2) are controlled still more strongly by 

this. The peak value of pulse form current becomes twice [ reciprocal ] a number of stages of 
the 1st conversion circuit (3A) and two or more 2nd conversion circuits (3B) as compared with 
the case where the number of conversion circuits is one, and switching frequency becomes the 
1 st conversion circuit (3A) and twice [ number-of^stages ] two or more 2nd conversion circuits 
(3B). For this reason, the value of the inductance of a reactor and the electric capacity of a 
capacitor which constitutes a filter circuit (2) can be made small according to the number of 
stages of the 1st conversion circuit (3A) and two or more 2nd conversion circuits (3B). 
Therefore, a filter circuit (2) can be further miniaturized according to the number of stages of 
the 1 st conversion circuit (3A) and two or more 2nd conversion circuits (3B). 
[0029] 

[Effect of the Invention]As mentioned above, in this invention, since high tension is not 
impressed to the switching element in two or more conversion circuits, destruction of a 
switching element can be prevented and the reliability of an AC-DC converter can be improved. 
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t/m 2 (D^m^^ (3A, 3B) ©#tti*4^^Pfl|::SM $ Ix 5 

mif^mm-^m^t Lxco^iRxfm2(DmMF^^^'<:t— 

K (16A, 16B) t. B:»I y T i> h (17A, 17B) ^r:^^ VXMM 

{y~v y i^mm) ^thtc3n<D^-< yf-y ^'m^ i:mi^ 

f 6^1~||6<^ I GBT h 
=7 yi^y^^) (4A~9A) ts # I G B T (4A~9A) t W-^Hc 

mm^ntzm-mm^mmmm^^mf^-r^m i ~m e © 

j^^Klhffli^V^- K(10A~15A) t ^^1-5„ 

m 2 ©^i^iggg (3B) (i. m'^mm {-f v y 'ymm § n 

fc3*f<D;^-r 5/5^:/^«^^^«J^Ki-5Ml~^6<D I G 

BT dfe^^^"- hM/^-Y^K-y (4B~9B) 

t. #mi~M6roiGBT (4B~9B) i mmimm^n 

ffl;5^-r:t-F(10B~15B) t^^t-rSo UUVT^ h/WQ 

7A, 17B) t tH^^^(40A) t (DrnKmrn^^fcmmmiii^ 

(19)(4. lEflJitiJSy h/Kl7A){CijgtL5Sj5Slu t 
lEmUm VTi^ h/u (17B) {'^tL5 I ©ftm^fS 

fc . m 1 2 «jt»Kffl K (16A, 16B) t ¥vt 

3 >'x>■!^ (18) t (DmiDMMy^ yi,at. ^n^'n^iEm 
m.W)r^ h/i'(i7A, YiY)hn-<D'h\%mM'')r^ y>\^ 

(34A, 34B);as^iS$tl.5o 

[0 0 0 3] X»IA;^S^(1A, IB, lC)(cSM$ti5ti« 
ffi^ffiffl N 7 (20) (4. H1f^»f£«M(l);0^?3(DU 

5„ ^jiiiiii^(2i)(4. ^mmxAnvyy^m(Dm\ 

«j± Vu , Vv , V, S.-a^~«yI^aiS (19) <^1^t±i«J± Vl afet/ 
(c3pyt =1 - (18) (D«jEV»c (c^S cxm 1 O'^^IH 

^ (3A) F*3 (Cl^ft nfc^ 1 ~m 6 CD I G B T (4A~9A) © 

^-v^=^-n^^\z.w.\-%^n^y ' ^ymmmwY 

A> ,Va2 ;Va3 ,Va^ ;Va5 ,Va6 ^H^LX'Bi-'M6<d 

I GET a--9)^:ty • :tymmi-^ tmz. m2(Dm 

^HISS (3B) 1^ (-^»t h^tcM 1 ~ll 6 I G B T (4B~9 

B)(;?^- hS-7-©#^(cMl~M6©::r:x • :tymmiB 
-§-Vb. ,Vb2 ;Vb3 ,Ym ;Vb5 , Vbs LT^ l ~m 

6 CD I G B T (4B~9B) ^:ty • :tyM'0i-^. 
[0 0 0 4] ia4JC^-rj;5{-. SlJ^lHlJ^(21)J4. S2p 

m(22)<t, 0i(75^iiiiiig^(23)^, ^2(Dmmmm 
:^(24)t. mmmmmiB^m^m^{25)t. ^n^mm 

m^(.2e)t. PWM=3^/^°^'-^(27,28,29)i:. 



3 

^(23) ft. ¥?t3>-rVf-(18)(7)«ffiVK ^K*l:M(2 

<bj:b^LT^ix?>(^pii«i±ff-§-VE2 i:mti-t?>o 
m&mit^m^m^{25) lamiE^^ttiffl h ^ v;^ (20) 
o^amjivu, Vv, v,stj«02(^piiJii|ii^(24)robB 10 

-f-VRuv. ,Vrv, ,Vm ^m±-t^o H^^^S[Elgg(26) 

tt. Higs»Kl;M(i)(^ja&i5: (5 0~6 0Hz) i.'oh 
+:9•{ri^v^JSg^^ (i~iOOkHz) wH:ftJfeft-§-VT ^ 

m±i-^o EWMaWN-Ix-:?? (27, 28,29) {1. 
2iff-§-«^feIIIJf§(25)OUffi, V|@23:tFWtg<Z)«?5fES2p{B 
-i-V»v ,Vk™ .V™ ^H:^&|SSg|Eli^(26)WH||«ff 
#Vi i:JtfeLT#1fC0«»ftC0PWM^^ft-§-V™, ,V 

p™ ,Vpn, ^tii:)ii-?>. ^«^S^</u;^^«llHlsS(30){4. 

# P WM3 (27, 28, 29) (7) P WM^Pff -§-V 20 

™v ,Ve™ ,Vpk, rij , roj xit r-ij waft 

<^^«»K^^Vl^><.fl-§-Vsu (=Vpuv -Vp«, ),Vsv (=v 
pnr -Vpuv ),Vs, (=Vp«, -Vp™ ) fC'^^-fSo *JWfB 
-^ttl:!^llIS§(31){S. #^im?7S/^/^;^ft-§-Vsu ,Vsv , Vs, 

Ofg^^ixmWSiJ L-C'SmmSS (3) 1 ~^ 6 « I 
G B T (4A~9A) (7)^^- hffi^fc:#-^-t--5^ 1 ~|| 6 W 

;t>' • :tyUmis-^YM , Va2 ;Va3 , v« ; Vas , Va6 ^ 

ilSlEli^(33)(l, $IJWf-^tti*0SS(31)/5^t> 

ta^ 1 6 w^i^ . TtymmiB^v^^ ~v« 

J;>9t.7t/2 Crad] fcitfiC+iroiltlfcll 1 (JD::*-^ 30 

• ;^7^JWf -^Vb, ~Vb6 4ra®EI^iS(33)S^^^^LT^2 

(3B) (7)||1~^6©IGBT (4B~9B) (D=§-y 

[00 0 5] mmm^mti^^m ft, ^^e^jg/^yi-^ 

ft-§-Vs« , Vsv , Vs. <Di^fii>r> r 1 J c7) t § {c-?:ntc^ 

JS-r?)^H7)^mifl]SS(3A)CDT-ACDIEfIiJomi, B3 
Xfi^ 5 « I G B T (4A, 6A, 8A) CO^- Vmj-\cH4-i-^ 
Hi . II 3 XfiH 5 (D:i-> • :;*-7flJ^ft^VA. , V»3 , V 
AS Srift (H) U^/HiLT^l. H3X{±^5C0IGB 
T(4A,6A,8A)^;t>'^^{C-r5„ *fc. #^«eft/^/^;^ 40 
ff-^-Vso , Vs, ,Vs. (Di^StiA^ti r-ij coi:#, -^rtK- 

(5A, 7A, 9A) (D ff~ }- m^\c¥sH-^^% 2 , ^ 4 XiS^ 6 
• ;t7flKfl{t-§-VA2 , Va, , V*6 ^ffi (H) X^^JV 
tCU-C02. ^4XttB6© I GBT(5A,7A,9A)l:;f^ 

#^«^SE^-«>'i';=^fg-§-Va, , v« , Vs, 

St/AfllJ©^ 1 St/H 2 (7) I G B T (4A, 5A) . ^ 3 Sth' 
||4roi GBT(6A,7A)X{lH5^tJ«m6WI GBT(8 
A,9A)©</-h«^(r##'t-5Hl25:t^H2, H3XtJ? 50 
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^4XI4^5Rt>'^6CD:^>- • ;^-7$lJWf-^VA, , Va2 ; 
v,3 , Va4 ;v*6 , v,6 ©{Rrndn lairfg: (L) i^-^/wfc 
L-ClllSt>'ll2©I GBT(4A,5A). ||35.t>*H4© 
I GBT(6A, 7A)X(±^5^0^6(73 I GBT(8A,9A)Sr 

[0 0 0 61 ^1 (r>mmi&i3>k) t m-(Dmi^^^-ti> 

^ 2 <7)^i^lHl?§ (SB) . m 2 ©Jt^jfEffl K (16B) R 

XfU&^JTi^ h/W(17B, 34B)f4, ^ 1 W^^IIISS (3A) , 
mm^y^:^- V(16A)R-C^mMVT^ h/U(17A, 34A) i 

mm\c y ^ >v9 m& (2) hw%^ v^^^^ m ^(nm^ 

S^^ttSo «W!H]Sg(21)(4. ^l«^m@!E§(3A){C^ 
U TH 2 ©'^i^mSg (3B) © X ^ y 9" ^ ^'^itB ^ 7t / 2 [r 
ad] fc{tgffi$-fr, MJEflfEDT^' hyu(17A)(C»^tl5 

Eii I u h^mmt ^)T^ h/Ki7B) ic^nsmijft i u 

i ©fPg^K I u © I^-iyKclJ^; CT^ 1 ©'^m[Hl?S(3A)S. 
IJ«H2©'^^IlI^(3B)^;t>' • ;t7M-r5o 

[0 0 0 7] HISjC^-t-^JferoAC-DC^V^^— iJr© 
»)m4JJiT©iit)T*)5o ^J^tf. 0 5 (A) (C^f H+a 

X»fcl;l!l(i)©U|a©3X'^A;f3«^ I . ;4^"IE©^jg|Wr^© 
1 1 ^ nm.^^^ (19) ©;^j±i«ffi Vl ^S:t)^-ti«jE:^|liffl 
h 7 (20) ©:^tfciM£EVu , Vv , Vi tfetJ^fr^pjtn 
^^f-(18)©affiVoc (CiSCTPWM^ira^nfcMl ©;*- 

^ • ^7®j«t-§-VA> mm^^{2i)^mm>m^^ti 

U%{Z\)t^hW,\(D^W^%{^k)n<Dm\(^\ GBT(4 

A)©'^->Si^{'A;^$n. Hi©|gi^iiii^(3A)©mi 

© I GBT(4A)^S;fi/ . :;J-7S!,f^$tl5o r^XtlWIBf 

^1 ©S^lHlifg(3A)©M2© I GBT(5A)©^— h 
S^-lcA;^$nsM2©;r:/ • icywm{t^V>^ 
^)\^—'&hfii'0. Hi ©^ife|iI^(3A)©H2© I GBT 

[0 0 0 8] 4fc. HtB^ii«M(l)©UtB©3S»fEA^ 

«»£i.^5rft©¥iafflFBi©<ti^«. m:^mmm(D^ 
tamjE vl ^t;«i=amjE^mffl b 7 ^-t; (20) ©Mmmff 

v„ , Vv , V, Mt>'(c5p?t=3 :/x>f- (18) ©«j± v»c (cjj: 
CTPWM^|^^ixycH2©:tV • i^yUMt^Y^a 1fi 
»9II]i^(2i) rt©ffiij«t-^ttl;fj|lliig(3i) ;5^e>H 1 ©« 

|llSg(3A)©H2© I GBT(5A)©y- hffi^^tCA::^* 

H 1 ©S^IhI^ (3A) ©H 2 © I G B T (5A) • 
:^7»]f^$tt?>„ mil^Bttc:, Hi ©'^i^lH]ES(3A)© 
Hi © I GBT(4A)©y- hi^^}c:A;^^n5Hi©;t 
ly • iryUm\t^VK. fifg i^-<;u-^ hfi'O . H i ©^ 

^I5]i^(3A)©Hl© I GBT(4A);aS;t-7t»Jffit/j;5„ 
nt-j;^). Hl©^^@iiS(3A)©UtBT-A}cA*$n 
1 1.1 ttH 5 (B) J: 5 ^-IEA©''<^^;^■;^S^S 

[0 0 0 9] Hi &t/H 2 ©'^J^|l]g§(3A, 3B) ©UtBT 

— A A:;'^ $ ti-5 lEA ©^■^/i';^ 4^©li*S I uo it 7 /i^^ 

lUSg (2) (C j; 19 {a^©i«P^^^^^S^* § 
5J-©i^©iE^jSS:^^;;^£5o V^T-A^ttAV^BT— 
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J^<Dm 1 <7) I G B T (4A, 4B) ii:tl^'J[kW.<D t # (± V+BT 
— GBT(7A,7B)XfiWffiT— AC>M6W 

I G B T (9A, 9B) (DiuJh,A> 1 'Off^:t>-'ikm t . UtB 
T— 2 CO I G B T (5A, 5B) i^:ty'Jikm(r> t # (iV 
^BT— ACD^SCO I GBT(6A,6B)XttW^aT— 
5 O I G B T (8A, 8B) <Z)Mn;i> 1 o;6S;t>'*^^ ^ T^jJSo 

[0010] El 5 (A) \:i7f:-t^m^^mm.(i) o 

utB©34»SA;^*M I uo im(D^mMm(Dt^. 112 » 

^lfelHlES(3B)F^CO||lWIGBT(4B)roy-hi^^{c: 10 

^(33)^^f^LT7I/2 [rad] fctmtKOjf tl/tB 1 (75;*- 

COHlOI GBT(4A){cMLT7c/2 [rad] fc'tt;^-Y y 
^>'i5^'f4tB;05mT^ 2 <73'^i^|lI{SS(3B) 1 CO I G B 
T(4B);iS . :tymY?^H^o 
lO 0 1 1] Lfc;55oT. fM^fi^ 1 ^0«^2 ^'^^0 
^ (3A, 38) ©UlBT— 1 CD I G B T (4A, 4B) :S:t;«V 
tiT>-ACO04(D I GBT(7A,7B)^J;t>'t>tffi(Di:i: 
(i. =ffi^5«fEeM(l)©UtB(±i::f}. 7Yyl-i5'[l]S|(2). B 20 
1 (Dmm)3±m :t~ K (IOA. IOB) . ^ l © I G B T 
(4A,4B). itjty TiJ' h/KHA. 17B). ^}t3Vxi^f-(l 
8)al/t>'iC:g#(32). M4C0 I GBT(7A, 7B). 04(73ji^ 
?jf£P;?ihffl K (13A, 13B) , y ^ jV^ Egg (2) , =tB 

3X»iEmM(i) CO vtBtti;^)0^i^-C«;i5Mn. iE«ii:»£ 
y ^>'^(17A, 17B) (c:j^^>7L'd?;55#fl|$tb-5 ir^fr^p 

©^^HISgOA, 3B)(75UtaT-i^(0^1 © I GBT(4);as 
ir-7-ij^m\^^i^h. JEtjaeSyT^ h/W(17A,17B)0^ 

(32) . mm.^ K (16) om^-^'Mmimfh 

So S/c. ^1 j5.t;«^2»'^m[HlSS(3A,3B)«UtBT- 
A©||2<0 I GBT(5A, 5B)^TJ«V^ir— A©||3(75 1 

G B T (6A, 6B) t # ti, HtB^»S«l!g (1) (D 

-K(12A, 12B), ^3CD I GBT(6A,6B). T V 

/K17A,17B). ¥?&=i:/X^f-(18)jfeW'A#(32). W, 

2(D1 GBT(5A,5B). M 2 (DmmJ]±my^ :t~ K(ll 

A,iiB), y^;\^^m^{2). ^^B^m,mmii)(Duntiiti 40 

coS^-t?fl:i)^;05j5^tL. W.mVT^ hyKl7A, 17B){Cj:^ 
/U^i^Wm ^ ix5 *{c3p?t 3 >7*i^^^ (is) t^^m^fi 
So ^<^fi. mi:S.t;«m2(D^miHlii§(3A,3B)«UtBT 
-AC0^2(Z) I GBT(5A,5B);iS;:f:7^|iiC/£S iE 
mW.'l&V f/Kl7A, 17B)C0^a^^vl'=¥^t/ip^f a 

Vy^i^i^(l8)(D«#;as|Sra$tt. mM^)r^ h/W(l7A,l 
7B). ¥y|='>xVf-(l8)MU«[C:ft#(32). 31y]fEffli5^V 

K(l6) ©Mi^trHs^^^-gfttiSo ^ l W% 2 
lH]SS(3A,3B)(7DV+B7'-ACO03&tJ«^4<?5 I GBT(6 
A. 63. 7A, 7B) Mt^fCW^If T-i. 5 6 ® I G B 50 
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T (8A, 8B, 9A, 9B) t^-:^V • irymYft^m^^\±m 1 R 
XJ^m 2 (O^mm^ (3A, 3B) ©UlBT- A 1 S.t/^ 2 
CD I G B T (4A, 4B, 5A, 5B) Mt>*{CW+iT-i>. CO|S 5 &t>* 
^ 6 (D I G B T (8A, 8B, 9A, 9B) Ifiir'y • rtyWiYf-f^ h 

h/Ki7) ^m=i v'fv^ (18) (DnWiC-^mm-n 

1;J±Vdc ;^5^^-r-5o 

[0 012] mi&t>'02(D^^lHlS&(3A.3B)(75^1~ 
^ 6 CD I G B T (4A~9A, 4B~9B) • •^yMf\^ i 

"9 ^^t^" ^^T^^f- (18) cDi^iS^^ lil;^ $*v2,Siil±l;bS 

J±V»c tt. »@S§(21)rt©mi©KM±iS^(23)}C-C 

S2p«M(22)©S^«iEVm <bibgt$*t. »»Stti;^mffi 
lii|ilg(23);0^P,ffi;^)^ti5„ ^ 1 ©iSllii*!^ (23) 

(19) i 9 s tvfcit»ii; T b 7K17) «^ta« 

ffiv.iltiK^n. Kig€j3Eft-f-VE, S.tJ?:^t±imffiVL 

mmms.\t%N^ mm 2 wKii*iiii^(24) /s^e, ai;^) 

So m2iZ)K^ii1iS§§(24)©^||«jI{f-§-VE fl. tB« 
jBE^mffl Vy>y^{2Q) (0^tii«J±Vi, , V, , V, t *(e:^B 
««S*Wt-§-|§:tllIi^ (25) {' A;^ $ tL. :^fctimff V„ , V 
V, V,&I>milffl:ffi{f-^VE2 ^cS-5V^T1f«^^2p{t-§■ 
^^ilElg§(25)/5^fe.il6 (A)(e:^-t-UtB. Vffi25:tKW|BcD 
fl:^S2pff-^VH.v ,Vk., .Vm. ;S5;±i;f3$tiS, *B«»^ 
S5p{t^l8*llISl(25)©U|B. Vffi:S:tJ?Wffi(Om?5S*2p 
{f-f-Vnuv ,Vrv. , Vriu (4, ^PWM=! ^5? (27,2 

8, 29){cj; ^H^fe^M[Hl^(26)(DH:ft^ffi-§-VT i-?:tt 

^^iti^^Hs «»i£^Pft^VKU, .Vhv. ,Ym t^fk 
mt-^ryr t(Dm^i^ym ,Vrvi ,V™ <YT(Dt^\Z 
^ U^JU tfj:'9. Vruv , Vrv. ,Vnv >Vj(Dt^ KM 1/ 

■^/V^i^^Siae (B), (C), (D){c^-t-pwM'^ism-§-v 

n.. ,Vn, ;5^#PWM3>-/-?1/— (27), (28), (2 

9);5^btii;^$nSo #PWM3>'/^1/— ^(27), (28), (2 

9)cDPWM^li{M-§-Vpuv ,Vm ,Vpn, (4, ^ll»fE/<yt^ 
;^^m01^(3O)}C-C^nmil6 (E), (F), (G)(C^-f 
^fl;»^^^Vl^X{t-^Vm -V™ =Vs« ; Vm -Vk.v = 

Vsv ; v™ -Vm =Vs. (c^^^nSo ^ffl;*!-'-'/'!^;^ 

^i^[i]Sg(30)C>^f|»^/-^/P;^'f*^Vsu , Vs, , Vs. tt, m 

Wt-i-;±j;^)iniii§(3i)}cT^tv^(7)ffi. ipt) rij , 

roj X\t r-lj ;S'i^;}xm»J$tT.. SiJWf-^tij;^ 
IiISS(31);ei^?3^*fellli^(3)©^l~^6© I GBT(4~ 

9)ro^<5^- N^^fc^i-^ec;?^^' • :i-ymmis-^v 
01 ,Vo2 ;Vg3 ,Vg4 ;Vk , Voe ;^5-?rti€tvf\l-#$tiSo 
[0 0 13] iii.±fcj; 19. mrnVT^ h/Kl7)(c:it^tS 
mi5SlL:S.tJ«H*B3?jtSM(l)<DUl=B. VtaRtJ«WtB<D3S 

jtA;bSffi Vu , Vv , V. iitMc^FrS^ (18) cojif 

S©it»fEW;^llffiVDc }c)^:;cT'StfelHiK(3)i^®^i~ 

^6 CD I GBT(4~9);5S$iJ^9|iigg(2i)(cJ; ip;:^-^ • 
01^ $ tt. H+B^^Sm (1) /!)^ 7 ^ yUjS^ Ej^ (2) L 
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MA:f3MM im , I vo , I K, i^lE^^m^M'^^ti^ 

iz^m=^ ^xVf- (18) <DmmA^i:^mti^ix?>m.mtiitim 
[0 0 14] m2(D^mm^m)(Dm2 

i^(3B)(0^2(Z) I GBT i5B)i^:tyiikmtfj:^o *fc. 
m<Dh^. ll2CO'igmiHlS§(3B)(D^2CD I GBT(5B)0 10 

l);i^fe»ffi[lISS(33)Sr^fhLT7t/2 [rad] fc(tf4tBtDii 

ig1^lHlg&(3A)O||2C0 I GBT(5A)(c:^L-C5i:/2 [ra 

«m2© I GBT(5B)^S;^-:^ . ^^tf,|^^^;5^ -^i- 
l^flffC, H 2 ©^rnmS^OB) ©Hi W I G B T (4B) (D^ 
- h)i^^(cA;^$ti5^ 1 «0;j-> • ;^-7$iJWt-i-VBi fi 
fgU-i/P-Si/^ W,2<DWkW&{3B)n<D%\(D\ 
GBT(4B)^S::f7t>cffii:*5„ 0 5 (Od 20 

^-ti 5 (w^ 2 C0^miHli^(3B) (DUtiT-i>.(CA;fj $n 
5«»KI»2 tt. ia5(B){C*i-^l«^milIgS(3A)CDU 
tBT-i>.tCA;^$tl^«»Slu. (C>ffL-C7t/2 [rad] 

[0 0 15] Lfc;45oT, 01«'XifeE]i^(3A)»UtBT 
— AfcA;^$^x5EA<73^-^Vi';^t(t(75m»lim i:. ^2(73 

'^^0^(36) «uftT-A{rA;^j $ti5iE:ftco^NVPxt(t 
©*»liu2 icfnim +Iu2 i'^y j^^^^(2)(Dliiti 
mom^lm t^i^fi^h. El5(D)ic^1-j;5(-iS^fc« 

Kimi^x I / 2m\zt£^ tmz-y^^ y^:yvmm.m^ 

2 i: ^„ BI 5 (A) (d^-r 7 jv^ iggs (2) coA;tiftiJ 
I li li 7 (2) J; t) MmWi^^Mmi: ^ 

(7)^^[Hlg§(3A, 3B)CDVffir-AXtKWffiT— A-et)Sfi 

(3A.3B)T?t>^ \3^7~J>.<Dmi(Dl G B T (4A, 4B) 

>-l^M<Dt^\±Ymr—M.(Dm4:(Dl GBT(7A,7B)X 

^^air^'cCD. Uti7'-i>-»^2C9 I GBT(5A,5B);S5;^ 
i: § VtBT- A on 3 CD I G B T (6A, 6B) X 
flWtlT— 5 <7) I G B T (8A, 8B) ©Mtl;5=> 1 o;?!^ 

[0 0 16] |g3(e:^-f-AC-DC=i>'/<— ^-efi^ H 

(1) ^» £) 7 [ass (2) Sr:/h LT^mHISS 
(3) outs. V+BXl/Wt@T-Aic»Sn5^»fEA:^«»S 

x>'f-(i8)»i^^;0>t,ai;O$ti.Sii:»fcffl;^mj±v,;c t^- 
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x^^hmzm'^-&fmumtimj±.v,c tmhfi^. s 
fc. ^ 1 (Dmmimm \m\^xm.mKm.m^f\^tzm2 

(D^m^^m(Dy^'i y^>ifmSi:n/2 [rad] fHi 

ilffi^-t-sr tfcj; 19. 7^yK$'IIIgg(2)otli:^«(cj3 
(tSUlf, VffiXr/Wtgtomjyft I ™ , 1,0 , 1,0 oimK 

^LT 1 /2fti/iS tifctCX^ ->'^^^"jajfeic;55 2fg 

mm^<Dm. (Mm ■ifii-^<D^'^\am\^xmi/2" 
Ri^m 2 o^m^^ (3A, 3B) ^m^^-r^m i ~m e w i 

GET (4A~9A ; 4B~9B) \cm^^mM<D^±i%-^ 1/2 
ft ir/.C50-c, GBT(4A~9A ; 4B~9B) ^/hSfd L 
1 2 W^i^HIiig (3A, 3B) ^fbmitX # 5 „ L 

fc^SoT. 7^'/l^i5'lHl^(2)ali0^1cm 1 &O^B2C0'^^ 
Uli^ (3A, 3B) Sr/hM{C LTAC-DC=' ^ ^/Jn® 
fk-rsri^^pIfgi/iSo jE(c. 'Xm0S&(3)Xt>'S«K 
ffl K (16) RXimM y T ^ h ;K17) * 2 SM^iJfc 

SI^Lfc:(D-e. ::^^*©AC-DC3>/-^— ^^^^(c 

[0 0 17] 

*-t-|**<7) A C - D C 3 i/^^-i? Ttt— ;^(7>^milIS§ (3 

AXf43B) <DmtsmMtmi3(Dmm^m-xmK) (omti 

m(7)a^#IIlI^(3A)roE#Jfct5:;07'f i/{'5. 5A (T^-^ 
T) (0S»|^5rjf£n5©tC>y-LTA«fJlii;t;7^^}C4. 5A 

(Dmmmn. M2 o^xmiHi^OB) (DjEmtatiy^ 

4 . 5 AcDSig^^giEn 5 (7) (C^ L T AffiiJtti;^/ y4y\C5. 
5A<Dmmi!)^^tl^ :i tt^h^o #^i$l|lIj^(3A,3 

B) (DlEmRXfMiM<D tntjy-^ >-lcmU Vr^ {Uk, 3 
4A ; 17B, 34B) $ V ^ 5 t:\ #'S^Ie1S^ (3A, 3B) 

ti\cm.n htitcm i ~n a (T) i g b t (4a~9a;4b~9b) 
t^ir>'t>>h-^y\z.m^^t>^h^. WMV7^ V;\^{ii 
A. 34A; 17B, 34B) (C^-f smffi^^:;^^ Lfc I G B T d^FJ^I 
m\mM-^iX. #'Xm[Hl8g(3A.3B)rtOI GBT«® 

[0 0 18] ;*:|§|q«, ^^(D^ti^m\z.i. iQ^^-r 

m^nmx^^Ac-Dc='yy<~^^mm-ti>:it^ 

[0 0 19] 

3 >-^<-^ (i, SMA;^^^- (lA, IB, ic) t W-Mtati^^ 

(40A, 40B) t (Dmizmincmm.^ritcmm(D^mmmi3 

A, 3B) . mi^mt)!^^ (40A, 40B) rat-^i^^nfc^p^a 
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^'xVf-dS) t ^m^s ^t^Illg&(3A, 3B) {mntz^-i 
5'^>^^^(4A~9A;4B~9B)Sr:^>' • :^7ttlf^$-&5 

c <b J: 9 ^?^A;^S-? (lA, IB, ic) a^h^f^^fi'^^m 

«;^^'^m[HlifS(3A,3B)(rJ;V)ii:^«;f3{C^mLT. it 
mmtl^l-i^Ok, 40B) ;5^6>a»lffl;^^m "9 t ;55-e 
::(Z)AC-DC=3V/^-:?{±, ^ife|lI?S(3A,3B) 

<z)m;^^^ft^^c:K^i$Hfc^t«sfflS^^^E^^^(l6A, i6b) 

^m0ifS(3A,3B)(D=S-;±i;flffi^i:ii:)5Stti;^S^(4OA, 

40B) <b (Drnk^mm^Mcum v^vnik, hb. 34a, 3 

48) t . i^fttB;'?*^ (40A, 40B) m t-^i^ $ ntl'pti < i 10 
'b2oO^JIffl3>'y=>f-(35,36) llMfflSjt*^ 
(16A, 16B) t MM y T i5' NyW(17A, 17B, 34A, 34B) h (D^M 

,^ t ^^j±m 3 >xVf- (35, 36) omm^. t m ^mm § ti 
tcwm^m^Mmm^isiA, ssa, 37b, ssb) t ^#x-cv^ 

A, 17B, 34A, 34B) . ^^Effl ^ y^Vf- (35, 36) RV^MB^ 
#fflS»l*^-(37A, 38A, 37B, 38B) COm.^m^'tlf^^-t 

5„ ■fsrtb^>w^i^iHi^(3A,3B)rt(D;^-^ yf-y^m'T-i^k 

~9A;4B~9B);65;^>';6^fc;^7tCtl'9#xP>tl-5i. Hit 
y h/l-aiAXmiB, 34AXil34B)rt(C^a$tl7'c3i 20 
;tvwdr'»|l5>(c:tBa-rs«M;5^ii:eiy Ti^' K/u(i7AX(i 
34A, 17BXtt34B) . ^ffiffl =i yfl^-^ (35Xm6)RXfm 
ffi¥1tfflS»fE*^ (37A, 38A, 37B, 38B) iCX ^M^^fl^ 

m.^mm^'iM.rix. ^mm =' yfy^ (35Xfi36) ^jsjts 

$|X5<. -tWlSms :fe'-J±ffl3>'rVf-(35,36)(lB&:^^ 
/<e«Ei^-<;Ke:^S$n> il[«!JT:i' N/K17A, 34A, 17 

B, 34B) icmmf£mm^m.ti^(Dx\ i^m^i u^/ucomm 

r>:ty LX\^^:5^4 5'f^>'^'*-T-(4A~9A;4B~9B) (ClPp 
JP^tl.. #'Xi^[Hl^(3A,3B)rtw;^-l' s/^V^^^ (4A~ 
9A;4B~9B)©|gfa4rl»lb-t-5r ^^5-e#5o 30 

[0 0 2 0] :^mm<DMmmmxit. mw(Dm^m^ 

(3A, 3B) ©#X ^ 5/ 5^ ^^'■Yiffi ^■TibL-x:^4 y^'^i^' 

mi-(4A^9A-AB~9B)^mmi-^o ^mEgS(3)fi. 

AijSS^-dA, IB, 10 tW.mtii:f3m'?-(m, 40B) i oKt- 

1 (^^m[ii!i§(3A):s.t/^ 2 (D^mm 

^(3B)§:iixTV^5„ iiJ^yT^ h;W(17A, 17B, 34A, 34 
B)tt. ^l(75'^miali^(3A)^0«^2«^^|HlS&(3B)OiE 

m.W)T^ h/I^(17A, 17B)Xt;«Affiii:»fEyT^' h/K34A, 
34B) i:^^i;iTV^5„ ^©fcJt). :;'c^*(?5AC-DC=i 40 

I 0 0 2 1 1 y r ^ h (17A, 17B, 34A, 34B) (CflKtb 

2.«^(Il ) <D V-<M^^^ZX^Wi(r>^^M&{Zk, 3B) © 

(4A~9A;4B~9B)§r:^:/ • :tymW-t 
^^t\z2:'o. ^^Ati^^ (lA, IB, lO^^hy^/^^m 

^ (2) Sr^n- LT^iicwigmia^ (3A, SB) \mti?>^mAti 

mmim ,ivo ,1,0 )^iEs^^f::$w-r-5^*(c. ¥r& 

3yy=>f-(18);i^PjSmj±©il:?5fttfi;^(VDc )§r5c'?tti 
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<Dm-ti^itmi-xmi/2intf£^o i^tcA^ox. 

^<Xi^(DX. 7^'yW:?[HlJ^(2)^/hS{CLTAC- 

D c =3 ^/-'^-iJ' Sr/hiy{t;-r-5 :: .5: Wf^ h fa^, 
[0 0 2 2] *fc. *i§BJcott,cD|l:te»ff^#,-e(±. lEftij 

imMW-i^mjii^^ (40A) icmm^ixtziEmmmw0m 
y T ^ h /K41) t . :ft ftijitm y T ^ h ^i- (34A, 34B) m 

^ig^nJLoqaffi^ y T'^^AftlJifif^ffi^^ffi^ (40B) 
5„ ^ 1 :Rt/M2 .75^tl|niil§(3A, 3B) <D^lEim:^y4 

■Amn?>. ^mi^. Mi^u«i^2©'^m0ss(3A,3B)w 

y T ^ h (42) \cmin?> ^ti^i:<o. 
#^^lH]g& (3A, 3B) (Di^miii:hy-<y\c 7 i^IR 

M^m^ (3A, 3B) CO :^ 7 L T V ^ 5 ;^ i/ >- ri'''*-? (4A 
~9A;4B~9B) {C/<y- 1/7. (D^Hfc^JE;j5p|J*P ^ttS W 
-C\ #^m[lI8S(3A, 3B)rt<^;^-r y ^yi/*^(4A~9A;4 
B~9B) <DMi^±-t^ r i 5„ 
[00 2 3] 

mm<Dmm(Dj^m] sir. *igB^fcj:5Ac-Dc=> 

5„ fHL. mixim4 t\^~-(Dmwr\am-(Dn^^ 
HLx^(Dmmi:%^mi-^ tmc. ^isp^tciSAc- 

D C 3 ^'/■^-i? (Dte»^»ffiSrS^-rE 2 tf fin 1 i: 1^ 

^5? Ei;^tH;^iffi^ (40A, 40B) f^(c¥m=! 'yy'yf- (18) 

iM^j{^^)-jpEffl3:/x>f-(35.36)^^^L. mmm^ 

4 K (16A, 16B) t y T ^ ^ (17A, 17B, 34A, 34B) 

t (Dmm,^s t ^^ffiffl =! i^x>-th (35, 36) (omm,'^. t (om 
i^mB^m^mmm^t \^x<Dmf±¥mmy-<^- k(3 

7A, 38A, STB, 38B) ^^^Lfc:^{::#m>i5fc5„ J: 

MlS:t/m2»^milISg(3A,3B)«tti;^S^te}CIl: 
MVT^ hJl^ ink, 17B, 34A, 34B) , ^ffiffl ^ i^xVf- (3 
5, 36) ^0«l;jE^Wffl :t~- ¥ (37A, 38A, 37B, 38B) 

© A C -D C =3 ^ i: |Rl«-r-$)-5c 

[0 0 2 4] ±iE©«j^^i*3^^T. ^ii^fj^ 1 roigmig 

SS(3A)OiE#Jffi;tiy-r>(c5. 5 A. ^imtiy4>\c 
4. 5Arotii;fjSj5g;i5^|tl.. ^2©^ife|lI?S(3B)©IE«!ltil 
tiy-^ylC4. 5A. :tjiJtti;^7-Y>'[C5. 5 Ai7?{±J*«»fE 
^-^JS^tlS i -r r cD4^ffi-t?#'X^[iIg§ (3A, 3B) 
1~^6©I GBT(4A~9A;4B~9B);i5;t7i-Si, M 
1 »'ig«lllIi^(3A)ftlJCOAffilJil[?5gy h/K34A)lCtt4. 
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5). «J±¥tfffl^V:^- F(37A)wSgg-r-»Stl. ^>J±ffl 
=>:xy^>f-(35);555tit$tl.'5o ^2C.^^[I1?S 
(3B) ftiJcOEflija»K y T h /K17B) 4 . 5 AcO«»fc;5Sflft 
fli.0tU AftlMJSy h/K34B){C5. SAWS^ 

T^'h/K34B). l:»fE¥»ffli5^V;t-- K(38B). 
>'7=Vf-(36)Og^T?»^n. :9-i±ffl=i>'X>f-(36)^S^ 10 
«$ix5= -toss. ^E.m=i>'fy^(.35.36)i!)t^i^ 

(17A, nB)RU-fi.mm.WJ V)V{Uk, 34B)t-J^I^7tel- 

|El^(3A, 3B)|^(D;^-7LTV^5^1~I|6 0 I GBT(4A 

~9A;4B~9B) \Z.n^fi:V^/V(Dn:i^mmti\.^(D'X:, 

^ia[lIS§(3A, 3B) rtf^H 1 ~|| 6 I G B T (4A~9A;4B 
~9B)(^?R«^Kjl:i-5r i:^s-c-#5„ /ijb\ 

ff^S(75AC-DC=ii^/<— ^'(^£*6^;'£Kf^ttH 3 (C^ 20 
-rt^jfec^ A C - D C =1 (Dm\'^ i: ^ < m^T'fc 6 

[0 0 2 5] ±fe(75 J; 5 i xfi 

^ 2 (DWk"^^ (3A, 3B) 1^ 1 ~M 6 (73 I G B T (4A~ 

9A;4B~9B);i5;tV;0^b;t7{;i-e]'?#^b^L5 E^y 

TiJ' hyUCHAXttHB, 34AX»34B)l^}c:^^$tufc:i^^ 

jv^(nwM^'>^^^^^n:m^-m:mr ^ hyKi7AXtt34 

A, 17BX(434B). 5>i±ffl ^ :/7=>f- (35X(i36)S:t>'«i]E 
¥tfffl K (37A, 38A, 37B, 38B) (d J; 19 «A)c $ ix 6 

=( ^-xVf- (35, 36) (iH&ill 
^/i«ffil/-</KC5fE«$tl^ avtyr^ h/^(17A,34A, 1 
7B, 34B) fc:*S^7'<?«}t;S5«KtL5 

m^^\y.\tm 2 <D^miHii^(3A, sb) f^whi ~m e o 

I G B T (4A~9A ; 4B~9B) \Z. Jp ^ fu, ^ 1 ~|| 6 I 
GET (4A~9A;4B~9B) (OWM^VOL-fh ^ti^V^ 

[0 0 2 6] 0 2 EffiiJESS y T ^ h /I- (17A, 17B) K 

\ciEmmm.wmm y ^/^(4l) ^sigLTaE««r7S*>F 

m^VT^^ ^/^(4l)©cf^^^^'7°tIEffilJii:»f^til;f]^iT•(4 40 

OA) i ^SM-r^ <b*(r. ikmrnrnvT^ h;K34A, 34b) 
ra(cAfy««si^«ffl y T ^ n/1'(42) ^mm Lx^m^^ 

mmm y r ^ h (42) >^ r^i ^ s' ^ t :ftfsijE ^tn;^*^^ 

(40B) t SrSM Lfc;$:^l3J J; ^ A C - D C 3 ^ 
A)rojE{|(iJttJ;^7^:/(c5. 5A(?D«^;0S^lti.> 

tiitiy4y\z4. 5A(Dmmimti. ikmiatiy-oic 

i^(3A){IiJ©IE{|ijai;^7-r Vi:^2 ©^miIIi^(3B)«©iE 50 
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mmtiy^>h\cmiv^W4l^<r) iy-<Mz.\-t 1 . OA<Dmt> 

VT^ h/K4i)lc?)fEnsrt{cJ;!9. ^ l ©'^mnii^ (3 

A) ffiiJ©iEffiiJtB*7-r ^wli«fe(4»d'--r?) J; 5 (c«ti#. ^ 

I GBT(4A~9A;4B~9B)»::r7B#(C(J, mi<DMM(D 

Mmtmuic^ lEffiijittityTi^ h/Ki7A). iE««ifc*& 

^ffly h/l-(41). ^^J±ffl3^xVf-(35). «/±¥« 
ffl y-f' K (37A) (DB^Vrnmrntl. => 1^7" 

>f-(35)dS5fe«$ti5„ Sfis m2«'XmiHli^(3B)ftlJ-e 

¥«ffl^V^-K(38B). 5>J±ffl3Vx>-f-(36). ft« 

y T h ;b (42) (Z)igSgT'^tl^ ^JEffl a ^-T' 
>f-(36)^5^«$tl5o ^<^IS*> 01&t;^2(73^m 
IhIE&(3A, 3B)rtCD;t-7LTV>5Ml~^6©I GBT(4A 
-9A;4B~9B)(C/^7:/;^C'55tlfcfl;Eb^5^*P$tls 
^HISS (3A, 3B) rt©^ 1 6 © I G B T (4A~9A;4B~9 

B) ©?ig«^|5$ih1-?) r t ^ST-t 5„ 

[0 0 2 7] :^mm<Dmm^miimm<Dmm(Dif^micm. 

mmmxHtm i &o^m 2 ©'^i^iags (3) ^mm-r^y^ 
-< y'f-i^i^fm^tLxiGBT (ifi^y-NM^-^-r^- 

7^7^-^;=^;?) i:^mLtzmmi:^Ltz7!)^. MOS- 
FET (MOSS«#a;^h^>'v';^i?) s m-^m^U 

mmxiiy^ /v^m^ (2) i :/7^i^f - (is) t (Dm 
Km^m^ (3) swMffl ir- K (16) s.t/it:»s y r 

i!^ h/Kl7)^2Slfe?lJ(CgfgLfcff^^^*Lfc^^. 2S 

i©'^i^i5ii^(3)(73x^ '^^^^'fiti^^tim^maiis 
(3)(Diy^-( yf->^'mm\^MLxmm^^(3)(Dmw:(D 

iticf^tcm-rS^lS. iP*>7c/n [rad] (n : 
8&(3)©aic) -fo-f e>LT:f^ • :^-:7^J^fn«^ 7 
^ /WiJ' BKI (2) (^|±l:^;ftinc*3(t S UtB. V^S.O«Wti(0 

^■^/l';^^^©®^^ I uo , I vo , Ifo (D&MH.lm , Ivop ,1 

.0. Itmmm^ (3) o ©»'g-iCl;k:«$ l^Xl/nmtfJ: 

:7^/i.^!HlEg(2)§r1iJ*-r5 y TrJ' hyi'CO-ry^':^' 
^ ■yysRU^ ^x>f-oii-m^M(l'SmiHls&(3);5s 1 

-o(Dm-^i^i:mLxm i/n'mtt£'o. mmMmomm 
lHis& (3) (75Sici-jtS i:rM}c/hM{b-e t 5„ 

*fc. y'-i'/l-^llISS(2)i:¥vt3^/xVf-(18) t(Dmic 

m^m^ (3) xo^isjjftffl K (16) ar/E M y T 

hyu(l7) 2SJJi±lfe^Jl:ig|ggLfc®T\ ±IB©llife© 
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f^ffi J; "9 t A c - D c =3 ^ ^# 
(7? A C - D C 3 yy<~^ t::t>*|gBj triifflT't ?>:itli 

[0 0 2 8] :^mm(Dmmmmx-it. TtBo^^am 

[ 1 ] ^JEEffl 3 v-rVf- (35, 36) [4B&i?|l^/'i«J± U-</V 
ttsfEUTi^ h/l-(17A, 34A, 17B, 34B) Cli?^;^ 

5 I GBT(4A~9A;4B~9B)tcM$n. ^^mHIE&O 
A, 3B) 1*1(7) I G B T (4A~9A;4B~9B) (Z)SS^Srg5±1-5 ^ 

[2] lEfflit^gy h/l-(17A, 17B)(e:»ittl5«»S(L) 

(D u-<McMx.x. ^mmm (d owe (v. , vv , v, > ^ttj« 

ex. m 1 <=0'^^[lII&(3A)&tJ«m2 (D'^^|IISg(3B) Sr;t 

(2) S-^ 1 O^miHlIiS OA) RXJ^^ 2 <7)^-miHlSS (3 

B) \::'}M.ri^^MAtimiM{lm , ho ,lm)^^<0 jEmt^iE 

^mmm-r?) t ^^m=^ >fy^ as) i ^ s 
[ 3 ] mm(D^ikm^ oa, 3b) ^icf^THfiijast vn^ 

h/l-(17A, 17B) t^7^-/Pi5'|Hli^(2) t¥ft=i>'X>f-(l 
8) t ©fsliCgM jEfflil*^ y T ^ h/W (17A, 17B) (C^ 
^xSm^dt ) CD l^^/Hcj^;; DT^ l(^iem[lIgS(3A)JitJ« 
^2(D^i^Iilg&(3B)S::^i/ • :tyMm-t^:Lt\ci:*). 

^^^umm (1) 7 [eiss (2) ^^Lxmi 
mdm ,ivo ,i» )i:^^mm:^Mm-r^tm^^m='y 

x>f-(18);5>bSmj±(73E»ft/±J^(V„c)^5[i9tlii-o ' 

m ,1,0 ,1,0 )(C-g-StV5iSi*^ift^S^5jE(-WSJ$tt, /-^ 

2 (o^mm^ (3B) t ffja:^ y r ^ h (34a, 34 

B)t^y4/]^^ UlSg (2) t 3 >X>f - (18) t (Dm 
Wm.\^tz(DX\ M{C:^t;^<e§4cOAC-DC3>-/^-j? 

[4] miC0^J^|l]^(3A)C0 1 

1 (Dm.^M^ (3A) XU^'M 2 (TJ^miHlgg (3B) (D®.Wi(D 

-f 6> LT H 1 W^miali^ (3A) StJ«^ 2 fiO^mniSS (3B) Sr 

• ::r7$iJ^-t-5„ -ntcj;!?, y jl^ ^ {2) (D 

rnmss*^ 1 o®m-g-|citfe LT^ 1 ©^i^iii!?&(3A):atj? 
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Wk(Dm 2 ©^^[H]i{& (3B) w®^»a?icfg i 5 i * 

(-^ ^-f y^^yi^mmk^m 1 (3A) s.t/isic 

/u^5'llI^(2)^«jS-r S y T^^ h/K^-Y>-^~^^>;^S: 

>T'>^<Dmm^m<Dm^m 1 o'X*@s&(3A)^t>' 

1gi:»ll2«'^^lfi]S§(3B)w®#:(c^&CT/h$ < 

^„ Lfc;6SoT. 7^/l'i5'iaj^(2) ^01 ©'^1^1111^(3 

A) RXim^(Dm 2 ©^mHIiEl (3B) ©Sic{CJ^? JE^C/J^ 

10 [0 0 2 9] 

[^i^ro^S:] mm<Di:o\z. ^mmx\t. mm(Dmm 

'y^y^m^<Dm.m^P5±X%. AC-DC3 

imi] :^mm\cx?>Ac-Dc=iy^<-'$'<D-mM 
m 

20 [0 3] tt§5l$<DAC-DC3>'/-<-^*^fS^lHl*§ 

m 

[04] 0 3 iC^-r$IJ®lp]S&Wrtg|5«J^^^1-[H]i^7^~ 
[0 5] m 3 iZ^-t AC -D 0=1 (D±W^U 

(1) • • (3^»K«?!i) . (lA, IB, lC)--ig 

30 ?5fgA;fj«^> (2) • • y^/u^mm. (3) • -^i^iii 

(3A) • • ^ 1 O'^mHISS^ (3B)--02©^m 

IlII^. (4A~9A ; 4B~9B) • • ^ 1 ~^ 6 © I G B T 
{^^4 v=f-ly-!fU^) . (10A~15A ; 10B~15B) • • % 
1 6 (ZJie^BSjhffl i5^^ ^- K (i¥ j5Kll5±fflSmil 
•?) . (16A) • '"^Icomm^Air-Y (3t«gfflS 

»K*^^) . (16B) • •w,2(Dwm^^4i5-~Y {nm. 

mm:MM=t) . (17A,17B)- •EftlJiffMyT^' h/K 

(18) • • w-m-=^y'fiy-^s (19) • • mm^^s 

(20)- • tBUJEI^ffiffl hy^^;^. (21)- • 0JISII|!^, 
40 (22) • • mmmM. (23) • • m 1 ©P^JfitiS:^. 

(24) ■ '%2.(Dmm^mm. (25) • • tssiiKs^ff 

^^HIJES. (26) • • =:ft^^^|HlSS, (27,28.29)- 

• pwM3i//-^i/— (30)- • ^a:»s^°/u-;^^|^iH] 

i^. (31) • • $JWt#tii*@SS. (32) • • 

(33) • •»Miaii&> (34A,34B) • • AflJEi^yTi^ h 

/U. (35, 36) • • ^}-JEffl 3 ^'y'^'-y-, (37A, 38A, 378, 

38B) • •mKw^n^um=^- {mm-mm^-^is-- 

K) . (40A, 40B) • • ii:»fctH;^Si^s (41) • • lEffilJ 
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